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ACTUATOR WITH A DUCT OPENING SEALED DURING EXTRUSION 
COATING AGAINST THE INGRESS OF PLASTIC 

Priority 

This application claims foreign priority of the German application 
5 DE 10250202.1 filed on October 28, 2002. 



Technical Field 

The invention relates to an actuator with a duct opening. 



Background of the Invention 

An actuator with a top plate having at least one duct opening, in 
10 particular for an electrical contact pin, is known from DE 199 40 347 Al. A plastic 
cover contains contact pins. 

The design of an actuator for injection valves is known from DE 198 18 
068 Al. There, a piezostack is bounded at its ends by a top plate and a base plate and 
surrounded by a cylindrical tube spring which is welded at its end openings to in each 
1 5 case the base plate or top plate. 



Summary of the Invention 

The object of the present application is to securely seal the open side of 
a duct opening against the ingress of plastic when a component is being extrusion- 
coated with plastic and at the same time to maintain a specified component length. 
20 This object can be achieved by an actuator, in particular for a fuel injection valve, 
comprising a top plate having at least one duct opening in particular for a respective 
electric contact pin, onto which a contact stud carrier with a contact stud can be 
located, wherein the duct opening is protected on its open side against the ingress of 
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plastic during extrusion coating, and a sealing washer attached to the open side of the 
duct opening, wherein the sealing washer is embodied to cover the top side of the top 
plate in an overlapping manner at least in the area of the duct opening, thereby 
hermetically sealing the duct opening. 

5 The sealing washer can be embodied in the area of the duct opening 

with a thickening protruding at least partially into the duct opening. The sealing 
washer can be fixed into position on the top side of the top plate and can preferably be 
secured there by means of an adhesive. A sprung element can be provided which 
presses the sealing washer against the open side of the duct opening. An actuator 
10 length can be specified between the contact stud of the contact stud carrier and a 
reference edge of the actuator independently of the thickness of the sealing washer. 
The sealing washer may comprise an insulating plastic material. The sealing washer 
can be embodied at least partially from metal. The actuator may have a piezoelectric 
element. 

15 The object can furthermore be achieved by a method of manufacturing 

an actuator for a fuel injector in an internal combustion engine comprising the steps of: 

- providing the actuator having a top plate and at least one duct opening for a 
respective electric contact pin, 

- attaching a sealing washer to the open side of the duct opening, wherein the 
20 sealing washer is embodied to cover the top side of the top plate in an 

overlapping manner at least in the area of the duct opening, thereby hermetically 
sealing the duct opening, 

- placing a contact stud carrier with a contact stud onto a top plate of the 
actuator, thereby protecting the duct opening on its open side against the ingress 

25 of plastic during extrusion coating. 
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The method may further comprise the step of fixing the sealing washer 
into position on the top side of the top plate and preferably securing the sealing washer 
there by means of an adhesive. The method may also comprise the step of providing a 
sprung element which presses the sealing washer against the open side of the duct 
5 opening. The method may also comprise the step of specifying an actuator length 
between the contact stud of the contact stud carrier and a reference edge of the actuator 
independently of the thickness of the sealing washer. Finally, the method may further 
comprise the step of extrusion coating the actuator. 

An actuator with a piezoelectric element (stack) contains duct openings 
10 located in the top plate for in each case one electric contact pin, with in each case one 
contact stud carrier being covered before the component or top plate is extrusion- 
coated with plastic. The contact stud carrier therefore not only carries one or more 
contact studs for further conducting the electric current but must also perform the 
sealing function for the duct opening. 

15 It has, however, been demonstrated in practice that in order to maintain 

the mounting dimension L a small gap can form and a small amount of plastic can 
creep under the contact stud carrier. This plastic may in certain circumstances cause 
damage to the actuator. It is necessary to maintain a dimensional accuracy with very 
close tolerances for the individual component lengths. If the length tolerances 

20 accumulate unfavorably, the mounting dimension L can only be corrected with 
difficulty by subsequently bending the contact studs. In the worst case such a 
component will be classed as a reject even if it fulfills its mechanical or electrical 
functions. 

The component (actuator) according to the invention with at least one 
25 duct opening in its top plate in which in particular a contact pin is located, has by 
contrast the advantage that the sealing washer provides reliable sealing of the duct 



HOU03:936203.2 



071308.0481 
2002P17485US 



PATENT 



opening against the ingress of plastic during extrusion coating. Failure of the seal 
owing in particular to the formation of a gap or slight lifting of the sealing washer 
from the top plate is reliably avoided as the top side of the top plate is covered in an 
overlapping manner in the area of the duct opening. It further appears especially 
5 advantageous that the sealing washer has no effect on a specified component length so 
that the dimensions specified for the component length with close tolerances can be 
precisely maintained in all circumstances. 

It is seen as especially advantageous that the sealing washer has a 
thickening in the area of the duct opening. This thickening provides a longer sealing 
10 length so that gaps cannot form even when injection pressure is high. 

To ensure secure fixing of the sealing washer on the top plate, this can 
preferably be fixed into position with a suitable adhesive. The undesired formation of 
gaps will thereby be avoided even more reliably. 

The object can also be favorably alternatively achieved by pressing the 
15 sealing washer against the open side of the duct opening 5 with a sprung element prior 
to extrusion coating. This process can occasionally be carried out faster and more 
easily in serial production, in particular when the individual parts are assembled 
automatically. Relatively long drying times for the adhesive are also occasionally 
advantageously eliminated. 

20 Thanks to the duct opening's being sealed with the sealing washer the 

contact stud carrier no longer has to be located directly on the top plate. It can 
therefore be mounted independently of the thickness of the sealing washer via separate 
spacers, for example, thereby precisely ensuring the specified component length. 

Manufacturing the sealing washer from an insulating material such as 
25 plastic is also regarded as particularly advantageous. This has the advantage of 
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simultaneously providing insulation against flashovers in particular in the case of an 
electric contact pin on which, for instance, high voltages may also occur. 

A favorable alternative achievement of the object is also seen in a 
sealing washer made of metal. Metals such as copper and the like appear especially 
5 advantageous in the presence of high mechanical loads. 

Using the sealing washer in particular in the case of a component with a 
piezoelectric element or actuator has the advantage that the contact pins can be of very 
robust design. This is necessary especially in the case of an injector for injecting fuel 
into an internal combustion engine in which the actuator is installed. As high fuel 
10 pressures occur on the component, the contact pin in the duct opening has to be 
particularly well sealed so that no fuel can penetrate into the component. 

There is a preferred use of the component in connection with gasoline 
or diesel injection. 

Brief Description of the Drawings 

15 An exemplary embodiment of the invention is shown in the drawing 

and is explained in greater detail in the description that follows. 

Figure 1 shows a duct opening seal in schematic form, 

Figure 2 shows an exemplary embodiment of a seal according to the invention, 

the two Figures 3 show a known component with a piezoelectric actuator where the 
20 duct opening has been sealed according to the known prior art, and 

the two Figures 4 show the seal according to the invention on the previously cited 
component with the actuator. 
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Detailed Description of the Preferred Embodiments 

To make the invention more readily comprehensible, Figure 1 first 
shows a section of a component 10 with a duct opening 5 in a top plate 2 through 
which a contact pin 3 is ducted. The contact pin 3 is sealed within the duct opening 5 
5 against the ingress of fuel by means of an O-ring 1 1 . A contact stud carrier 4 is 
mounted on the contact pin 3 in such a way as to seal the duct opening 5 when the top 
plate 2 or the component 10 is extrusion-coated with plastic 1 (dashed line). The 
contact stud carrier 4 has corresponding contact studs 7 which protrude somewhat and 
are bent at a specified angle W. The top surface of the component 10 is in this case 
1 0 designated as top plate 2. 

The component 10 has in this case a piezoelectric element, also referred 
to as an actuator, which can be electrically powered or controlled via two contact pins 
3. The actuator 10 is mounted in an injector which, for example, controls the volume 
of fuel, such as gasoline or diesel, injected into an internal combustion engine. 

15 The component 10 is generally extrusion-coated with plastic 1 during 

manufacture to protect it against mechanical damage. A gap s through which the 
plastic 1 can penetrate can form during this process at the locations identified in Figure 
1 by two arrows. Ingress of the plastic will then cause lifting of the contact stud carrier 
4 so that a specified design length L, measured for example between the tip of the 

20 contact stud 7 and the base of the actuator 10, will be somewhat increased to an 
undesirable extent. The possibilities for correcting the design length L, for example by 
altering the angle W, are limited after extrusion coating as the above length of the 
contact stud 7 also changes to an undesirable extent with the angle W. 

Figure 2 shows the component 10 from Figure 1 with the duct opening 
25 5 being sealed in an overlapping manner at its open side by means of a sealing washer 
8. By means of an adhesive or the application of pressure from a sprung element (not 
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shown in Figure 2), the sealing washer 8 can be fixed into position such that no gap s 
can form during extrusion coating and hence no plastic 1 can penetrate into the duct 
opening 5. In the area of the duct opening 5 the sealing washer 8 can also have a 
thickening 9 preferably protruding into the duct opening 5. Simple adjustment of the 
5 sealing washer 8 is thereby facilitated and the sealing area increased. The sealing 
washer 8 is produced from an insulating plastic material, for example, or from a metal 
such as copper and the like. 

The contact stud carrier 4 is located independently of the thickness of 
the sealing washer 8 onto the contact pin 3 with a specified clearance and fixed into 
10 position there. The specified component length L can then be set independently of the 
thickness of the sealing washer 8. The individual tolerances can have no effect on the 
component length L. It is also advantageous that subsequent bending of the contact 
studs 7 is unnecessary. 

There is a further advantage in the fact that the force of the injected 
15 material 1 impacting on the sealing washer 8 during extrusion coating presses this 
washer even more firmly against the top plate 2, thereby preventing lifting of the top 
plate 2. 

The two Figures 3 show the previously mentioned actuator 10 as a 
component, in each case in side view and rotated approximately through 90°. These 

20 components correspond to the design known per se. The plastic extrusion coating has 
been opened up in the left-hand Figure 3 so that, similarly to the way described 
previously in connection with Figure 1, it is possible to see the top plate 2 with two 
duct openings 5 in which the two contact pins 3 are located. The purpose of the thick 
arrows is to identify the direction of flow of the injected plastic 1 and a possible gap 

25 formation between the top plate 2 and the contact stud carrier 4 associated with this. 
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The right-hand Figure 3 has been rotated approximately through 90° 
and shows in particular the contact studs 7 with the clearance length A and the 
component length L. The plastic extrusion coating 1 has been omitted here for reasons 
of clarity. 

5 The two Figures 4 show the corresponding embodiment according to 

the invention of the actuator 10. As can be seen from the left-hand Figure 4, the two 
duct openings 5 have been covered or sealed in an overlapping manner with the 
sealing washer 8. The sealing washer 8 again shows a thickening 9 protruding into the 
duct opening 5 in this exemplary embodiment. The contact stud carrier 4 has been 
10 placed over the contact pins 3 with a certain clearance and arranged so that the 
specified component length L can be maintained. It must be mentioned for the sake of 
completeness that identical reference numbers have the same significance in all the 
figures. 

The right-hand Figure 4 shows the actuator 10 again rotated 
15 approximately through 90°. It can clearly be seen here how the component length L 
can be set independently of the thickness of the sealing washer 8. The plastic extrusion 
coating 1 has again been omitted here for reasons of clarity. 

The invention is not restricted to the exemplary embodiment. 
According to the invention the sealing washer 8 can be used for any components 10 
20 where a duct opening 5 has to be sealed. 
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